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3. A BERNASUYEVEX Y, P.S. VORONOV, T.1.1ZIUMOVA Z.S CMRRNOV

IBYESTISATION OF DOUBLE- STREAr ELECTRO% WAVE

SYSTEMS
Saoamary

The results of an experimental {nvestigation of doable-
gtrean amplifiers tn the metre (107- 200 megeeycles) and 10 om
range sre pressnted. The comparison of perineijal experimental
resulte and the results of thecoretical analysis are given.

1. lntroduetjon

fhe first two papers devoted to the sXperimental investi-

gations of @uble-strem emplifiers were rublis ed in USA

in 194 /1,2/. Bven in these early works some pusitive and
negetive projerties of the @cuble-strean systems were brought
to light; mmong positive properties the folilowing may be
wentiovoed: tue significant gsin, the Drosd bDandwidth, and the
theuretlioel pussibility of ma-wave range =z} lificetion. At
trLe 3aze time the cathude systes becures mure cudf.losted aa
conj ared with T.W. T and it i8 necessary to use moQulsting

414 Aemodulating devices of helix type which causes the seme
. tetaclies 17 the reange uf mm wave:s as in T. W T,

4. .wever, @] ce the number of fublished works dssl:~g with
exjerimental investigstions of @ouble strea systess s very
@1, , we can rot thinx that douvble-strewm ez lifiers ge!
-el' defi itive [.ac0e arung the modern sicrowave electron

devi-er The 'efore, the resu.t of experize tal 1 vestigation

of duut.e gtreas smplification in the setre (100-20. mege

~
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3.
my fecter X Bag been well pruved. For ortimal gain in the
s st different conditions and st a very great change of
frequency (from 1J0 to IDOC megacycles) the values obtained
for the factor X are sbout 0.3 to C.5 (shen caleculating the
factor § the do-:vruﬁ.» f__!!lp,
a1d | cedence I ‘the surmd11iing mpltnllic Arift tuobe /3/ was

cauged 0Y the finel Deas 8i’e

taren into acount).
The sm erize !l gain valie.. lie between the theoretical

vai e: rtained fm” the forwmula 4,31 wp db/ce w ere

u
de-ronale in plagms frequeicy was eit .er taken i0to asocount

or reglected

Thus, It 1y De assuzed that st the first apjroximation,
the nlple ne-dimensioral theory 13 11 sstisfaotor, sgree
ment with the emeriment and, t'evef.re, Ta, derve a: a basis

in the dests f gich devices,

1'1. ¥azing of elgcstru streamg

An extremel . ir} .rtant [uraneter (- a "eal dualle 3trem
system 1m the ‘.gr.-.'— »f electru” strexwm 3ixl w.

For o3, eirental 1 vestigations at frejJuencies of 102 to
M0 degacyoiss a mudel with Lwo strip live electronic bemms
was devised The d:i:itat:e; Letwean the Dear - werse flxed at
. % 3 an@ A4 mn in different experims:t.. Fig. . shoes the
esperimental poirt ) of gain valuss of tie above sulel. The
theorstical eurve 1= also drawn i fiy. .. As 1t D8, bLe ob-
gerved froT thia figure, there (i a very g d sgresment of the
ex srisental and thecretical data

Fuor tie Tust codel3 of the metre raise the electrong:
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guns have been used, which prodiuce two ocoax{sl amnular bewms
fooused b/ homogen vus magnetic fleld

Much Letter mizing was obtained {n Aouble-strewm systems
wity centrifugal slsotrostatic fososing by introd .cin. one
sleotron streem i17to another. As it w43 previously mentioned
/4, such aystems yle!ded 3 gain {n the metre range u to
ti-7) db at a streas current f the order - L0 4 na

Blectrs aiztne in 19 om renge tust be Tusth bettes than
1y the setre range a)d tno—r;.foro, _H .1»- verv 8iffienls to
cre~te @ 't 1)%e 3ystem whiuh would mest these reijuirements.
After 2 nunhesr of atteapts an sxtremelv sizsjle slect™~n gu
a1 been developed; this electron gun, beiry provid-4 with
vametio focusing, produces 1in 10 om ra,,,e 4 officient Qoulil s
velocit; electm:n stream. FPig., 3 gives a1 s3:'ematis (1'uitrers
tion Lf this gu . Fart of electrons from 'he fast-goviay
strear {3 uued for hesting the cathode wii'h prodicer the
3lower strem and that {s principal Teat e f thi{ o
Therefore, this gun 13 only a2 little more corpli -ated thn
thuse of the ordinary TWT., The gins of this t,fe L vided

the oconditions for ytsble operation of modela.

IV. Boige and output power

In practice the optimal conditisrnsg of amp liftcat 1,y |

the met e ra..» T-\Jbo obtained whern the :F-er* 1~ ™
ane 2040 SO™Me
hews 19 Hf the order f | tu L EWY 17 1 cw reange. (8Su-h

chaivew f 'the >i1rre-* values are duse t . t- e [at “nt\.x/‘,

v . 't {7 renne).

Wall oreratin: currenty 10 the Emetre ravge And latce
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currents in the cedtivetre range, preasst in the first cese

s possibility of combining the high wrp lifioation i{nherent

acutle-strews mechani.e with the low levef of noise, and
{7 the seco-.d case - with the lLarge Fower output.

In the process of eXperizent, the noise factors ui the
o:der .. . db., were obt ained in the destre range. It should
he sent ived, hurever, that 10 attempts have besn made to
cun st ruet special nolso}ons dou\-;rAat"-o_u guns. With the
4318 factors Of this order, the d‘oublo—utron sepdhan iam
4 »., 10t introdu's any specifie sdditional nolse o that
the wvlise factor i1s determined ODly DY the eleotrun gu: nol-e

1n certain conditions of a double-stresm gun speration
abnomaally Bigh noides ariase. fhege “re, prubably, due to
vakvard electror strepemuy, &3 the aboverentioned operating
~onditions are charaoterised by the minisum potential 1n the
gun caused either Ly the potential dro} in one uof the slectro
de:x, or by the infiuence of the u} ace charge.

A special zode! with a povable syster of electrodes wb.ich
alicwed t cha ‘g distaice between the firsat and the agonnd
cathode .an resn nsed L. fovestigate the infiuerce ~f this
distance . the @ystem ruise., Witn tlhe n..1 .8 factors of the
order »f 1o tu 1. ab., it was imposaible to trace n . Te. &
ti.n Detweer ths Olue 2 8 the di.tance tetwes the ocatrodesn.

1n de ives of 10 ar raryge with tre guns & wn o fie. 7
the 31 & factor of & t, S0 @b, was odt a1 ed Gue t- trhe i
~reane f Jjersting curre-t, Theue n..ise factur values Aare
glr1lar to thoue f the mevw fower T.ET.

The increise f the beam cLrrent . U about 4 ma maks.
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8.
it | 'usible to obtain output energlsy of the order of & watts
a' a frejuency of Y00 wegaoycles.
It {4 obviv.g, that the top radio frequency output of a
dout e etrem system will increase with the 1 cresse of our
ran’ ad aversge velocity of the strewx, as well as with the

i~ rea8e of velocity @ifference which supplies the energy for

au; lification of redio-frequency wave. The exjerimental date

given i1 table 1 showth:t ti.is dependence 1is considersble.

In order to optain higher snergy from the @uble- ve.ooity
electr:in streac, sufficiently effective cutput systems must
te em;l yoll. It was [roved Dy sXperive-tal investigations that
the rechenimm of interaction betwesn the Lewrs and dels;sd
wave In a hellix pierced Dy the modulated double veluostt,
strews, 1s sisilar to that 1+ a single vtreas Y¥T. Whe tne
vel citiee 0f atreems @iffer greatly, the tw gal [SR BT
ocrreupondi g t. the vel .cities «f these stream: za, te - U
gerved. The o vasimums merge when the velccity &iffere ~@ 1
ssall. The @ uble velucity stream Lound by duunle strem inter
action and the single- veloit ; strear wit- summary current
whe: ,8guing through the helixz pr‘wﬂucornil’llav valueas of
sea.. signal gair a-d 5f maximus out| :t.

Th.s, 1t say Le noted that 1in order t. dedign an w.tput
Le iz of the @ouble-8trear mplifter, the theury [ ar 41 o
r Y za; te used.

V. Un the @pc.gnsg of opgrasting vav__r___lonth.ﬁ

.
C

Meen current Of at ..t N.5 ma per em“ {w sufficlent
j~vide duuble 4*ream arp 117, atior 15 the frejuency vand

frr 100 ¢ " negacyc.ad. At a fre uen . uf S Texe
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¢ycles, ths densities required ars of the order of 10 ma
per -2. It pay be sxpected that with the current densitigs
of about 1 ampere per 0-2, & dooble-streer gain will take

P lace at 4 rroqu.no,ﬁ;t X000 megaoycles Yjrorimately. The
main difficulty wil., probabl, bte the culistruction uf the
cattude and focusiny systems capable to Jrovide doun e

Ve ottt v elect™n strewn with thiam current density a4 high
degree f different velocit ; sleot run ixing, hecCaise the
mirine 1t fre jusncims of thvo"dor of 00T megacycles must

e ,erfect,

A Maeff Pliux, 194 -,
ALB Hollantme:, s B 3% 194 .
A LW %rmicn, P.G.Michran IRE Transactioc), v. ED..
p- 3 19by,
. 2.0 32hemov "Radiote: nicu 4 4 ele tront y® v,

po o Lsoag (G,
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Scheratic diagran J,f doutle-atresm +.plifier
Theurstical curve 1:d s eriTte tal (ol t: Lf double
gt~ear mpplitic:tion VS the dlstaice Detwean wtrip

LUeAR 3.

Scheratio diagrw Of a doudble 3trean e.ectrungun

for nodels of 10 ce range:
1 - cathode for fast stread; - "athode for jlow
stream (the heatiny «f this vathode i3 acc.:j .ished
by menid of electrunic boabardment with the part of
electrony smittad by firat ~cathode): 3 - firt

cathude heater; 4 - anode; 3low- strear;

atrear, arf{rt tuve, ° onide ayer.

B A

#*
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